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Dynamically generated N∗(1535)

N. Kaiser et. al., PLB 362 (1995) 23, NPA 612 (1997) 297,
E. Oset et. al., NPA 635 (1998) 99

T. Inoue et. al., PRC 65 (2002) 035204

Coupled channels: π0p, π+n, ηp, K+Σ0, K+Λ, K0Σ+

L(1)
πN =

〈

B̄iγµ∇µB
〉

− MB

〈

B̄B
〉

+
1

2
D

〈

B̄γµγ5 {uµ, B}
〉

+
1

2
F

〈

B̄γµγ5[uµ, B]
〉

Kernel:

Vij = −Cij
1

4fifj
u(p′)γµu(p)(kµ + k′

µ)

Bethe–Salpeter Equation:

T = V + V GT,

γp → π
0
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Amplitudes and partial waves

MiBi → ηp and MiBi → π0p transition amplitudes
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The N∗(1535) in γp → ηp

Kroll-Ruderman and meson pole term:

Cross section for η photoproduction
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γp → π0ηp: Nucleon magnetic momentum

Effective Lagrangian Meissner et.al., NPB 499 (1997), 349

L = − i

4Mp
bF
6

〈

B [Sµ, Sν ]
[

F+
µν , B

]〉

− i

4Mp
bD
6

〈

B [Sµ, Sν ] {F+
µν , B}

〉

F+
µν = −e

(

u†QFµν u + uQFµν u†) ,

Fµν = ∂µAν − ∂νAµ

Unitarization:

+ + ... →
π0 π0 π0

η

γ

η

γ

p

p

η

γ

p

p

p

p

K+
Σ

0, Λ

K+, K0
Σ

0, Λ, Σ+

γp → π
0

ηp, ”PANIC 05”, Santa Fe, NM, October 24–28, 2005 – p.7/27



γp → π0ηp: Nucleon magnetic momentum

Effective Lagrangian Meissner et.al., NPB 499 (1997), 349

L = − i

4Mp
bF
6

〈

B [Sµ, Sν ]
[

F+
µν , B

]〉

− i

4Mp
bD
6

〈

B [Sµ, Sν ] {F+
µν , B}

〉

F+
µν = −e

(

u†QFµν u + uQFµν u†) ,

Fµν = ∂µAν − ∂νAµ

Unitarization:

+ + ... →
π0 π0 π0

η

γ

η

γ

p

p

η

γ

p

p

p

p

K+
Σ

0, Λ

K+, K0
Σ

0, Λ, Σ+

γp → π
0

ηp, ”PANIC 05”, Santa Fe, NM, October 24–28, 2005 – p.7/27



Processes with chiral MB interactions

Kroll-Ruderman and meson pole term as sub-processes in π0η production:
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Explicit baryonic resonances

Motivation: Two pion photoproduction J.C. Nacher et.al, NPA 695, 295 (2001)

∆∗(1700), N∗(1520), ∆(1232), pole term (not plotted)
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SU(3) coupling of dynamically generated ∆∗

0− meson octet ⊗ 3/2+ baryon decuplet −→ 3/2− resonances
J.A. Oller et.al., PLB 500 (2001) 263,
M.F.M Lutz et.al., NPA 700 (2002) 193, NPA 706 (2002) 431
S. Sarkar et.al., NPA 750, 294 (2005)

∆∗(1700) coupling to η∆ and KΣ∗:

π0

p∆
∗

∆, Σ∗

η
η, K

γ

p

N,Λ,Σ

Σ
∗0

Λ

π0

K+

γ

p p

η

t
(3)
η∆+p

= −

√

2

3
gη

f∗
∆Nπ

mπ

G∆∗(
√

s) ~S · pπ

[

−ig′1

~S† · k

2M
(~σ × k)~ε − ~S† · ~ε

(

g′1(k
0 +

k2

2M
) + g′2

√
s k0

)

]

,

t
(5)
K+Σ∗0Λ = 1.15

√

24

25
gK

D + F

2fπ

G∆∗(
√

s)~S · pπ

[

−ig′1

~S† · k

2M
(~σ × k) · ~ε − ~S† · ~ε

(

g′1(k
0 +

k2

2M
) + g′2

√
s k0

)

]

,

t
(6)
K0Σ∗+Σ+ = −

2

5

D + F

2fπ

gK G∆∗(
√

s)~S · pπ

[

−ig′1

~S† · k

2M
(~σ × k) · ~ε − ~S† · ~ε

(

g′1(k
0 +

k2

2M
) + g′2

√
s k0

)

]

,

t
(5)
Σ∗−KR = 1.15 e

4
√

3

25

(

D + F

2fπ

)2

(2pπ − i(~σ × pπ)) · ~ε

γp → π
0

ηp, ”PANIC 05”, Santa Fe, NM, October 24–28, 2005 – p.10/27



SU(3) coupling of dynamically generated ∆∗
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Background term

De-excitation modes into π0ηp final state: X*

N*(1535)

�0
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coupling provided by model

for dynamically generated ∆∗(1700).

Tree level contribution:
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∆

η π
0
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γp → π
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Invariant mass MI(ηp) for γp → π0ηp
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Invariant mass at higher Eγ
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Total cross section for γp → π0ηp
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The reaction γp → π0K0Σ+

Coupled Channels: T (i3) → T (i6):
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Results for γp → π0K0Σ+

Invariant mass distribution:
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Conclusions I

The unitarization of the chiral interaction of meson octet and baryon octet
dynamically generates the N∗(1535).

The model for the N∗(1535) simultaneously describes πN → πN ,
πN → ηN , and γp → ηp data.

The reaction γp → π0ηp as a first step towards the SU(3) extension of
γN → ππN .

Photoproduction mechanisms from

chiral Lagrangians,

explicit resonances (∆(1232), N∗(1525), ∆∗(1700)),

dynamically generated 3/2− resonance from
0− meson ⊗ 3/2+ decuplet baryons: ∆∗(1700)

γp → π
0
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Conclusions II

Invariant mass spectra: N∗(1535) and ∆(1232) clearly visible.

Dominant contribution from ∆∗(1700) → π0N∗(1535) transition.

In the same theoretical framework, the reaction γp → π0K0Σ+ is studied.

Suppression of the total cross section of this reaction with respect to
σ(γp → π0ηp).

γp → π
0
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Additional Slides: Lagrangians

L(1)
πN =

〈

B̄iγµ∇µB
〉

− MB

〈

B̄B
〉

+
1

2
D

〈

B̄γµγ5 {uµ, B}
〉

+
1

2
F

〈

B̄γµγ5[uµ, B]
〉

∇µB = ∂µB + [Γµ, B],

Γµ =
1

2
(u+∂µu + u∂µu+),

U = u2 = exp(i
√

2Φ/f),

uµ = iu+∂µUu+

LBBM =
D + F

2

〈

Bγµγ5uµB
〉

+
D − F

2

〈

Bγµγ5Buµ

〉

γp → π
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Amplitudes for tree level γp → ππN
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∆∗(1700) width

G∆∗(
√

s) =
1

√
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2
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Invariant mass formula
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Invariant mass spectra I
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Invariant mass spectra II
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Phenomenological πN → ηN transition
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The π0p invariant mass in γp → π0ηp
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Suppressed diagrams
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